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By WALTER J. BENNETT, Meteorologist. 

[Dated Weather Bureau. Tampa, Fla.. July 29. 1919.1 
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Attention has recently been called to tlie low relative 
humidity readings at  ?ampa for the local mean noon 
observation. These for 1918 averaged considerably 
lower than at the other Florida stations and, in fact, 
corresponded more closely t,o the records of stations in 
the western plains. That this condition is a fact is shown 
by the consistency of the hygrograph records durin the 

ears 1915 to 1918. Moreover, many persons wliotave r- wed in the northern States have remarked that the 
high temperatures here are more comfortable than similar 
teni eratures at  the places from which they came. 

noon observations at the Florida stations for the year 
191s. 

TABLE 1. 

Tab P e 1 gives relative humiditiy averages for the local 
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Data obtained from bihourly hy rograph records being 

granis and tables have been pre wed in tlie same shape 

No. 6, MONTHLY WEATHER REVIEW, and so a comparison 
may be made. None of the stations given in Table 4, 
SUPPLEMENT 6, is in trlie South, and the only one on the 
seacoast is San Francisco, which has an entirely different 
climate from Tampa. For this reason the data for 
Tampa should he .an important addition to our knowledge 
of humidity conditions. 

available from August, 1914, to b ecember, 191Y, clia- 

as figures 1, 2, 3, 4, and 5, and !r able 4, of SUPPLEMENT 

;r 

FIG. 1. 

From liuniiclity readings at the regular morning and 
night observations, and froni the rn.infd1 avernging 
nearly 50 inches a year, i t  might be supposed that 
Tampa has a very moist climate. The regular ohserva- 
tions, however, are taken at  hours when the humidit is 

eva orate, but rapidly disappears in the sa.ndy soil, the 

. There are probably several contributing causes of the 
unespectedly .low humidity readings during the middle 
of the day. The most obvious is the diurnal range in 
tcmperature. Durin the summer the minimum tem- 

tude af Tampa, while during the winter the niasimum 
temperatures are higher. For the year 1915 the mean 
diurnal ranges in tern erature for the Florida stations 
were: Tampa, 17.4"; Packsonville, 14.Y"; Miami Tl.6"; 

quite high. The water from the rains does not stan 1 t,o 

su R ace of which IS soon dry. 

peratures run lower t a an might be expected in the lati- 

Key West, 10'; Pensacola, 12'. Other things being 
eciual, the greater the range in temperature the greater 
will be the range in relative humidity! and the lower will 
be the readings near the time of masimum temperature. 

The greater range in temperature at  Tampa, IS partly 
clue to the low elevation of the thermometers. At 
Tampa thc height is 79 feet above ground; at  Jackson- 
ville, 209 feet.; at  Pensacola, 119 feet. At Mianii the 
elevation is 71 foet, and at Key West only 10 feet, 
Imt Miami has the ocean in the direction of the prevailing, 
ant1 nearly constant., wind, while Key West is surrounded 
by water. Hence the range in temperature at  these two 
st.ations is lessened by oceanic influence. 

The niinimuni temperature is largely determined by 
t.he clewpoint. At Tnni a the average dew oint taken 

is less than a degree below the average mininium tem- 
perature. If the dewpoint and the vapor pressure 
(obtained directly froni it), did not chan e during the 
day, the low relative humidity in the mid 2 le of the day 
would be completely esplaiiied by the ran e in tempera- 

'tively humidity, but also of the absolute humidity as 
shown by the va or pressure. Of course, the lower the 

the temperature being the same. There is aLqo a fall 
at  sonie of the other Florida stations, but the fall  at  
Tampa is niuch greater, as shown by Table 2. 

T.inm 5.- Ticpor prfssure ratios ( ivzpor prtssurr nt local mean nooii 
olstwnlioti dir-idtd by n t ~ m  iinpor pressitrc at n. )n. r ind  p .  ni. obsenm- 
l ions)  ycar 1918. 

froin the regular a. ni. aiic P p. in. observations P or 30 years, 

ture. But there is actually a fall not on !? y of the rela- 

vapor pressure, t K e lower will bo the relative humidity, 
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The use of the vapor pressure ratio instead of the 
actual vapor pressure gives equal weight to the data. 
imtl enables a comparison to be made of winter and suni- 
nier months, and of one station with another, regardless 
of talle actual vapor pressure. This ratio is obtained by 
clividiii the vnpor pressure for any given hour by tho 

time) vapor ressure for the same month. (SUPPLEMENT 
6, MONTHLI-%EATHER REVIEW, pp. 10, 11.) 

conclude that the low relative humidity at  

temperature, and (2) to a diurnrrange in vapor pres- 
sure or absolute humidity, which shows a minimum 
in t.he middle of the day. 

The absolut,e humidity, or vapor pressure, is influenced 
niateri.ally by the direction and velocity of the wind, 
and the character of the surface, land or sea, whence tho 
wind blows. A wind froni the land would have a smaller 
moisture content than one from t,he sen, and the effect 
of either would be greater clurin the da than during 
the night, on account of higher ve 5 ocity. $0 investigate 
t,his question, the average vapor pressure a t  noon obseiva- 

mean o 9 the S a. m. and 8 p. in. (seventy-fifth meridian 

noon at Iy anipa is due (I) to the 
We ma 

eat diurnal change in 

(Table 4 and fig. 2.) 
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tions in 1918, was tabulated in connection with t,he 
prevailing wind diroction from 1 1  a. m. to noon, the 
noon observation coming at 11.30 a. m., niiietiet4h 
meridian time. In this tabulation, January, February, 
March, and December were considered as winter mont,hs, 
and June, July, August, xild September as summor 
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months. 
as a percentage of the total nunihor of observaticm. 

The frecpcncy of each dire; tion was cnlc.ulat~od 

TABLE 3. 

Winter: 
M a n  vapor pressure.. 
Per cent 01 direction . . 

Yummrr: 
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Per cent orbi'rection . . 
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Per cent of bi'rection . . 
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Tampa is so situated that winds from the southeast, 
south, southwest, and west come from off water surfaces. 
The table shows that these winds have a greater moisture 
content than the winds from the other directions, and 
it also shows that they were slightly more fre uent for 
the noon hour, being recorded 55 er cent of B t e time. 
At Miami and Pensacola, the win B s are reported to be 

from off the water 90 per cent of the time, and at  Jackson- 
-de, dthough the percentage is not so great as that, it  
is considerably geater than at Tampa. Moreover, the 
winds are of greater force at the other stations, the 
average wind velocity for the noon hour at  Tampa being 
8 miles per hour; at  Mianii 11; at  Pensacola 13; and at  
Jacksonville 13. The greater frequency and higher 
velocity of the ocean wind at  the other stations might 
account in part for their greater humidity. 

However, examination of the prevailin wind directions 

are considerably more frequent during the middle of the 
day t,linn at  night, and if continental winds were the sole 
cause of the lower vapor )ressure, the minimum might 

The diurnd march of vapor pressure at  Tampa (Table 4 
~ n d  fig. 2 )  shows a curve with two masima and two 
minima. For the year as whole, the curve is quite 
smooth, showing ninsima at S a. m. and 10 p. m., and 
minima nt 4 n. in. and 3 p. in. The extreme range in 
nctud vapor pressure is 0.063, which is 11 per cent of 
t,ho averagc vnpor pressure for the 13 bihourly means. 
The January curve shows niasima at S a. m. nnh 7 p. m., 
and minima at  6 a. m. nnd 10 m., the a. ni. minimum 
hring the lower in this cme. !he curve for July shows 
ninsiins nt 6 a. m. and 10 p. m., and minima at  4 a. m. 
ant1 12 noon, the noon minimum being by far the lower. 

C'nrrful csnminntion of the vapor pressure data for. the 
thflerent strttions iven in Table 4, SZTPPLEMENT 6, brings 
out the followiw f- acts: 

At Boise, IdnRo, from March to September, the lowest 
nipor prcssure values arc at 4 or 6 p. In.? the highest 
t.cmporature occurring at, those houis. At Burlin ton, 
Vt., from May to Se~teniber, there is a slight fa,%, or 

the highest tcniperature being at  3 I>. m. At Fresno, 
C'alif., the primary minimum of vapor pressure from 
Mnrcli to October occurs at  6 p. m., the highest teni- 
prrature being at  4 p. m. The afternoon niuiiniuni in 
July is pnrticulnrly well markcil, the. vapor pressure 
ratio t t t  10 a. ni. l)eii?g 1.212, and at  6 1). m. 0.917. At 
Chicago, Ill., thwc is a weak secondary minhuni at 
3 or 4 p. m., from June to September, the highest tem- 
perature being at 3 p. m. 

Gra.ncl Rapids, Mich., shows niinima at  noon or 
from Ma.g to September, the mininium in July eing 
lower than tho night minimum. The highest tenipera- 
ture OCCIUS at  'r! p. 111. St. Louis, Mo. shows a very faint 
secondary mininiuni in June and August at  4 or 6 p. m., 
the highest tempcrnt,ure being at  4 p. m. San Francisco, 
Calif., shows t.he primary niinimum at noon in September, 
October, and November, with the highest temperature at 
110011 or 3 p. m. September and October a.t San Fran- 
cisco have higher temperatures than June, July, or August. 
Sherich,  Wyo., shows a seconclary minimum at 2 p. m., 
May to October, the highest temperature being at 2 or 
-1: p. m. Springfield, Ill., shows a secondary minimum at 
1100x1 or 2 1). m. in June and July, the highest temperature 

a.b all hours of the day at  Ta.nipn, shows 5 t at ocean winds 

be expected to occur at  nig h t rather than during the day. 

sccondnry niiiiiniuni o I vapor pressure, at noon or 2 p. m., 

Em- 

being at  3-p. m. 
C'olumbus, Ohio, done, of the 10 stations given shows 

no trace of an afternoon minimum of vapor pressure in 
any month. 

C!omplt.t,e data are not, availahlo for .the other Florida 
stations, but the rapor pressure ratios for the noon 
observat.ione of the year 191s are below unity in many 
cases (Table 2) ,  indicating a midday or afternoon mini- 
mum. 

Although evaporation is most rapid during the middle 
of the day, it  would seem that there is a general tendency 
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toward a minimum of vapor near the time of masimum 
temperature, especially durin the warmer months of the 
year, but the question is mu% complicated by evapora- 
tion and variations in wind velocity and direction, so that 
the afternoon minimum is often reduced, obliterated, or 
even turned into a maximum. 

The only thing that could cause an actual dewease in 
the total amount of vapor in the air during the middle 
of the day is cloudy condensation, which is most active 
at  that time. 

decreases with increase in 
altitude rather rapidly. (& ONTHLY WEATHER REVIEW, 
March, 1919 . 160.1 During the heated portion of the 
day, especi& in the warmer months, convection is 

uite active, and results in mising the surface air with 
$e drier air above. This mixing also brings down with 
the air from above, some of the momentum of the upper- 
air currenh, and results in higher wind velocity during 
the day, and a turbulence of the atmosphere. This 
mixing by convection and turbulence is probably the 
true reason for the depression of the vapor pressure in 
the middle of the day. Observations aloft would prob- 
ably show a rise in vapor pressure in the middle of the 
day, just aa the wind velocity aloft is diminished thereby. 

But this would be a very small factor. 
Vapor pressure normall 
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INTENSE RAINFALL A T  DUBUQUE, IOWA, JULY 9, 1919. 

Mr. J. H. Spencer, meteorologist, in charge of tho Du- 
buque Weather Bureau office, has sent us an account of a 
very intense rainfall which accompanied a local tliunder- 
storm July 9, 1919. In spite of tlie intensity of the rainfall, 
“thunder and lightniii were rather less severe than in 

velocity was light. 
“At no time durin the hours that preceded the 

severe storm, although the weather in the morning 
quickl changed to warm and sultry. Rain began as a 
light t K undershower from 10:25 a. m. to 10:55 a. ni. (nine- 
tieth meridian time). Rain be at 11:15 a. ni. 

some of the storms of t % e past eight years,” and the wind 

period of heaviest rain H all was there much indication of a 

f k l r k n g  table gives the heaviest rainfall in 
periods of 5 minutes, 10 minutes, 15 minutes, 30 minutes, 
1 hour, and 2 hours for a number of storms. It shows 
how much heavier was the rainfall on July 9, 191.9, 
within a 1-hour period, than during any storiii at  DU- 
buque in recent years:” 

Julp4-5 1876 ...................... 
Aug. ldll 1911. ........... 
dug 18-19’ 1911. ........... 
Aug: 31-Sipt. 1,1914.. ..... 
Sept. 1445,1911.. .......... 
sept. ?ti-%, 1915 ............ 
dug. 16-17.1918. ........... 
July 9,1919 ................ 

1 5min- 
Utes. storm of- 

0.32 
.50 
.41 
.34 
.34 
.35 
.80 

1 hour 

- 
...... 

1.12 
1.95 
1.68 .a 
1.27 
2.10 
2.70 
- 

1 2 hours 5 mlnut8s. 40 perscms were drowned as the result of this storm. 

Figure 1 shows the intense rainfall of July 9? 1919 
(dotted line), in relation to other escessive rates in the 
North Central States plotted by Prof. A. N. Talbot.’ 

1 Rates of maximum rainfall, Technograph No. ti, University of Illinois, 1892, 
InCl. 8 diagrams. 

The dashed curve A represents rates of rainfall which 
are rarely esceeded in the eastern United States. Its 
e uation is. y=6.0/(~+.5), where y is the rate of rain- 
fa Qu in inches per hour for the time z expressed in hours. 
Curve R expresses the rate of frequent occurrence: 
y = 1.75/(~ +‘.25). 

“ I t  is worthy of note that at  Dubuque during the past 
nine years (1911 to 1919, inclusive) there have been 
seven storms in which more than 3 inches of rain within 
24 consecutive hours fell, or more storms of similar 
intensity than occurred durin the 

ot.lier hnnd, during the eight-yenr 
1SS3 to 1910, inc.lusive, whici f gave 

fal l  wi ”9;1 be found below on page 50G in the river and flood 

1881, inclusive, there were nine stornls that gave more 
than 3 inches of rain within 24 consecutive hours.” 

An account of the seven lives lost and the $125,000 
dam e by the freshet resulting from this escessive rain- 

section.-C. P. B. 
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FIG. l.-Exeassive rainfall at Duhuque, Iowa, July 9,1919, gotted line, com ared with 
other axcesslve rat= in North Ckntral States. Compiled by A. IC d b o t .  

HEAVY RAINS AT TAMPICO, MEXICO, JUNE Z e j u L Y  5,1919. 

Ry s. A .  (iROGXN. 

[Dated Tampico, Tamdipas ,  Meexlco, July 7,1919.1 

During the week of June 29 to July 5, inclusive, more 
rain fell at Tampico than during the entire first six 
months of the year. From 6:30 a. m. on the 29th to 
6:30 a. m. on the 5th a total precipitation of 15.64 


